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Abstract	
	
Dengue	fever	 is	most	rapidly	spreading	disease	throughout	the	world.	There	is	no	vaccine	and	drugs	so	that	eradication	relies	on	vector	control.	Prediction‐prone	areas	could	 support	 the	 effectiveness	 of	 the	 vector	 control.	 This	 research	 aims	 to	 predict	
dengue‐prone	 areas	 based	 on	 the	 environmental	 factors.	 The	 dependent	 variable	was	dengue	 hemorrhagic	 fever	 (DHF)	 cases,	 while	 the	 independent	 variables	 were	environmental	 factors	 such	 as	 climate,	 land	 cover	 and	 elevation.	 DHF	 cases	 were	
obtained	 from	 District	 Health	 Office.	 Climatic	 data	 such	 as	 temperature,	 rainfall	 and	humidity	 were	 obtained	 from	 local	 Meteorology	 and	 Climatology	 Agency.	 Land	 cover	was	 obtained	 from	high	 resolution	 imagery.	Research	unit	was	 the	 buffer	 area	with	 a	
diameter	of	200	m	patient	residence.	Quantitative	analysis	with	scoring	and	weighting	methods	were	 used	 to	 determine	 area	 prone	 classification.	 Scoring	was	 based	 on	 the	distribution	of	frequency,	while	the	weighting	was	determined	by	coefficient	correlation	
(r2	value).	There	were	372	DHF	cases	in	sub‐district	of	Gamping	in	year	2008‐2013.	The	
result	 showed	 that	 68.64%	 of	 patient	 lived	 in	 vulnerable	 and	 very	 vulnerable	 area,	31.36%	 patient	 lived	 in	 less	 vulnerable	 areas.	 The	 total	 area	 of	 less	 vulnerable	 was	
734.396.973	ha,	vulnerable	area	was	609.464.989	ha	and	the	very	vulnerable	area	was	997.717.972	 ha.	 It	 was	 concluded	 that	 environmental	 factors	 can	 be	 used	 to	 predict	prone	 area,	 the	 neighborhood	where	 the	 patient	 lived	 as	 a	 research	 unit	 can	 provide	
information	on	how	many	percent	of	patient	living	in	an	area	prone	classification.	
	
Keywords	
dengue,	prone	areas,	spatial	analysis,	environment,	neighborhood	
	
	
                                                    
*	Corresponding	author.	Tel.:	+6281328021233;	fax:	62274387658.	
E‐mail	address:	tri_wulandari@umy.ac.id	
186 
 
1. Introduction	
Dengue	is	the	viral	disease	that	spread	very	fast	in	the	world.	There	were	30‐fold	
incidences	in	the	last	50	years,	with	new	countries	of	geographic	distribution	(WHO,	
2009).	The	disease	was	spread	from	tropical	to	the	parts	of	sub‐tropical	area	such	as	
Europe	and	USA	(Karyanti	et	al,	2014),	even	spread	to	rural	 from	urban	in	the	last	
decade	(WHO,	2009).	There	were	50	million	dengue	infection	approximately	and	2.5	
billion	 peoples	 allegedly	 in	 the	 risk	 due	 to	 living	 in	 endemic	 area	 (WHO,	 2004).	
World	 Health	 Assembly55	 (WHA55)	 resolution	 agreed	 that	 dengue	 is	 the	
international	 health	 problem	 because	 of	 the	 crossed	 country	 spreading	 of	 the	
disease	(WHO,	2006).	
In	 Indonesia,	 DHF	 have	 reported	 since	 1968	 and	 tend	 to	 increase	 up	 to	 2013	
(Karyanti	 et	 al,	 2014).	 Geographically,	 DHF	 was	 spread	 from	 only	 one	 district	
infected	to	almost	all	of	districts	in	32	provinces	of	33	provinces	in	Indonesia	in	year	
of	2009.	However,	 the	case	 fatality	 rate	decreased	 from	41,4%	 in	1968	to	<	2%	 in	
2000‐2009		(DG	PP&PL	Dept.	of	Health	RI,	2010)	even	0,73%	in	2013	(Karyanti	et	al,	
2014).	
Aedes	aegypti	 is	 the	main	 vector	 and	Aedes	albopictus	 is	 secondary	 vector	 (de	
Melo	et	al,	2012)	in	Asia,	including	Indonesia.	The	elimination	program	was	focused	
on	vector	control	since	the	 lack	of	antiviral	drug	and	also	vaccine	(DG	PPM&PL	RI,	
2004;	 Aryati,	 2007).	 Vector	 control	 was	 highly	 recommended	 through	
environmental	management	(Supartha,	2008)	because	of	the	risk	to	vector	resistent	
and	 environmental	 contamination	 by	 chemist	 material	 using.	 The	 vector	 control	
program	has	been	 implemented	 since	1992	 (UU	No.	 23;	1992)	 in	 Indonesia	but	 is	
considered	not	succesful	to	date.	There	were	still	less	than	the	save	number	of	free	
larvae	 number	 (>95%)	 to	 be	 an	 outbreak	 (Ditjen	 PP&PL	 Depkes	 RI,	 2010).	 The	
unsuccessful	vector	control	may	due	to	the	weak	coordination	among	stake	holders,	
also	people	may	bore	to	do	the	preventive	activity	when	it	was	not	in	transmission	
season	(Kusnanto,	2007).	The	area	prone	of	DHF	was	needed	to	make	the	preventive	
activity	focused	on	the	target	area	so	that	more	efficient	and	effective.			
Vector	 control	 should	 base	 on	 the	 environmental	 situation	 in	 the	 meaning	 of	
natural	 habitat	 of	 vector.	 In	 Aedes	 –	 dengue	 system,	 the	 mosquito	 survival	 and	
extrinsic	 incubation	 period	 (EIP)	 of	 virus	 are	 the	 important	 determinant	 factor	 of	
mosquito’s	vector	capacity	(Luz	et	al,	2003;	Maciel	de	Frietas,	2010).	The	survival	of	
Aedes	related	to	climate	(Mourya	et	al,	2004),	the	existence	of	building	(Cheong	et	al,	
2014)	and	vegetation	around	buildings	(Sarfraz	et	al,	2012).	
This	study	aimed	to	determine	prone	area	of	DHF	based	on	the	environment	by	
using	spatial	analysis.	The	result	expected	to	be	a	reference	in	vector	control	target	
area.		
	
2. Materials	and	Methods	
 
This	 is	 an	 ecological	 study	 with	 observational	 methods	 with	 cross	 sectional	
design.	 The	 dependent	 variable	 was	 DHF	 cases	 in	 the	 periods	 of	 2008‐2013.	 The	
independent	 variables	 were	 land	 cover,	 elevation	 and	 climate	 such	 as	 rain	 fall,	
temperature	 and	 humidity.	 The	 samples	 was	 sufferer	 from	 DHF	 year	 2008‐2013	
notified	in	district	health	office.	The	patients	with	unclear	address	were	not	involved	
in	the	study.	
	
2.1. Data	collection		
	
DHF	 patients	 data	 with	 their	 addresses	 obtained	 from	 District	 Health	 Office,	
confirmed	with	Primary	Health	 Service	data	 in	 Sub‐District.	 Climate	data	obtained	
from	 the	 Agency	 of	 Meteorology,	 Climatology	 and	 Geophysics	 of	 Yogyakarta	
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Province.	Elevation	data	obtained	directly	from	digital	administration	map	by	using	
GIS	properties.	Land	cover	data	obtained	from	high	resolution	imagery	(quickbird)	
which	overlaid	with	the	buffered	area	of	200m	in	diameter	around	patient	residence.	
The	percentage	of	building	vs	vegetated	in	buffered	area	was	calculated.	
	
2.2. Data	analysis		
	
The	 correlation	 between	 DHF	 cases	 with	 climate,	 land	 cover	 and	 elevation	
variables	 were	 tested	 by	 using	 Multiple	 Regression,	 Spearman	 and	 Pearson	
Correlation	 respectively	which	 have	 been	 reported	 in	 other	 paper.	 Distribution	 of	
frequency	 was	 used	 in	 scoring	 and	 the	 result	 of	 correlation	 test	 was	 used	 to	
weighting.	 Spatial	 analysis	 conducted	 by	 using	 tiered	 quantitative	 methods	 with	
scoring	 and	 weighting	 to	 determine	 the	 prone	 area	 classification.	 The	 result	 of	
scoring	of	all	variables	showed	in	Table	1.	
     	Table	1.			Result	of	scoring	determination	based	on	distribution	of	frequency									
No	 Variable	 Criteria Score
1	 Land	cover	(%)*	 	50	 6
	 	 <	50	 4	
	 	 	 	
2	 Temperature	(	C)*	 	30	 2
	 	 26‐30	 6	
	 	 <	26 5
	 	
3	 Humidity	(%)*	 	80	 5	
	 	 70‐80 6
	 	 <	70	 1	
	 	 	 	
4	 Elevation	(m)*	 <	125 6
	 	 125‐300 3
	 	 	300	 1	
	 	
5	 Rainfall	(mm/day)*)	 ≥	25	 6	
	 	 20‐24	 5	
	 	 15‐19 4
	 	 10‐14 3
	 	 5‐9	 2	
	 	 <	5	 1	  *)	source:	data	analysis	
 
Weighting	 was	 done	 based	 on	 the	 result	 of	 analysis	 as	 follows	 (1)	 climate	
contribution	was	21,8%	(multiple	regression	r2=	0,218),	(2)	land	cover	contribution	
was	66,4%	(r	=	0,815;	r2=	0,664),	(3)	elevation	contribution	was	6.7%	(r	=	‐0,260;	r2	
=	0,067).	
	
3. Results	and	Discussion	
 
3.1. Study	area		
	
Sub‐district	 of	 Gamping	 was	 one	 of	 17	 sub‐districts	 in	 Sleman,	 Yogyakarta,	
Indonesia.	Sleman	was	located	in	Java	Island	of	Indonesia,	lies	between	110°	33′	00″	
and	110°	13′	00″	East	longitude,	7°	34′	51″	and	7°	47′	03″	South	latitude,	occupies	
an	 area	of	 57,482	ha.	 Sleman	 consist	 of	 17	 sub‐districts	 and	86	villages.	Based	on	
elevation,	Sleman	was	divided	into	four	classes	<	100	m,	100	–	499	m,	500	–	999	m	
and	 >	 1000	 m	 asl.	 Gamping	 was	 in	 <	 100	 m	 asl	 class	 of	 elevation	 (District	
Government	of	Sleman,	2015).	
	
	
	
188 
 
There	was	 decline	 in	wetland	 by	 0.46%	 and	 dryland	 by	 6.6%	 and	 increase	 in	
yard	by	0.7%	during	the	period	of	2010‐2013.	A	decline	of	wetland	and	dryland	with	
an	increase	in	yard	possibly	related	to	the	increasing	of	immigrants.	The	number	of	
immigrants	 in	 2013	were	higher	 (14,464)	 than	 the	number	 of	 people	who	moved	
out	(11,121).	The	consequences	of	high	number	of	immigrants	were	increasing	need	
for	housing	and	other	facilities	thus	increasing	yards.	An	icreasing	of	buildings	and	
yard	will	support	the	increasing	of	DHF	incidence	(Cheong	et	al,	2014).		
Gamping	 sub‐district	 was	 part	 of	 Sleman	 that	 bordering	 with	 Yogyakarta	
Municipality,	 so	 flourished	as	centers	of	education,	 industry,	 services	and	 trade.	 In	
addition,	Gamping	was	also	passed	by	path	of	country	road	which	connect	Sleman	
with	 some	 port	 cities	 like	 Semarang,	 Jakarta	 and	 Surabaya	 as	 the	 economic	 path	
(District	Government	of	Sleman,	2006).		
Gamping	 sub‐district	 has	 a	 wet	 tropical	 climate	 with	 the	 rainy	 season	 on	
November	–	April	and	dry	season	on	May	–	October.	Data	obtained	from	local	agency	
of	climatology	showed	that	the	highest	rainfall	was	occured	in	November‐December	
and	 the	 lowest	was	 in	 July‐August	 in	 almost	 every	 year.	 The	 highest	 temperature	
was	 occured	 in	 around	October	 (39,9°C)	 and	 the	 lowest	was	 in	 July	 (24,0°C).	 The	
highest	 humidity	 (88%)	 was	 in	 November‐December	 and	 the	 lowest	 was	 in	 July	
(72%)	in	periods	of	2008‐2013.	
 
 Figure	1.	DHF	cases	in	Gamping,	compared	to	the	other	endemic	area	in	Sleman,	Yogyakarta	year	2008‐2013	
	
	Figure	2.	Correlation	between	DHF	cases	and	cumulative	of	rainfall	in	Gamping,	Sleman,	Yogyakarta	year	2008‐
2013	
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	Figure	3.	Correlation	between	DHF	cases	and	temperature	in	Gamping,	Sleman,	Yogyakarta	year	2008‐2013	
	
	
	Figure	4.	Correlation	between	DHF	cases	and	humidity	in	Gamping,	Sleman,	Yogyakarta	year	2008‐2013	
	
	
Figure	1	 showed	 that	Gamping	was	an	endemic	area	with	highest	 incidence	 in	
periods	 of	 2008‐2013.	 Therefore	 it	was	 necessary	 to	make	 efficient	 of	 eradication	
program	especially	in	Gamping.		Figures	2‐4	showed	the	correlation	between	climate	
with	 DHF	 cases	 year	 2008‐2013.	 It	 appeared	 that	 DHF	 cases	 were	 fluctuated	
throughout	the	year	with	the	peak	of	cases	occured	in	December‐February,	except	in	
2012.	 Figures	 2‐4	 also	 showed	 that	 DHF	 cases	 correlated	 with	 climate	 factors,	
especially	with	 the	humidity.	 A	 decrease	 of	DHF	 cases	 appeared	 consistent	with	 a	
decrease	 in	 humidity,	 but	 inconsistent	with	 temperature	 (Fig.	 3,4).	 It	 seemed	 that	
the	most	incidence	of	DHF	decreased	after	declining	rainfall	(Fig.2).		
Rainfall	increases	the	number	of	breeding	places	of	Aedes	(Supartha,	2008),	but	
actually	 reduce	 the	 number	 of	 breeding	 places	 if	 the	 rainfall	 is	 very	 high	 (Suroso,	
2000	cit.	Wirayoga,	2013).	Rainfall	will	also	increases	humidity	(Umoh	et	al,	2013),	
but	 not	 necessarily	 have	 an	 impact	 on	 temperature.	 The	 observation	 indicate	 that	
lowest	temperatures	was	in	dry	season,	and	the	highest	at	the	beginning	of	the	rainy	
season	does	not	in	the	peak	of	wet	season	(Fig.3).			
	
	
3.2. Hotspot	area	of	DHF		
	
Mapping	 of	 hotspot	 area	 has	 been	 done	 by	 using	 Kernel	 Density	 Estimation	
(Figure	1A).	Kernel	density	showed	the	points	are	concentrated	so	as	to	provide	for	
more	model	of	selected	site	(Donthu	and	Rust,	1989).	In	this	study,	the	incidences	of	
DHF	in	periods	of	2008‐2013	were	concentrated	in	three	hot	spot	areas.	The	three	
areas	 were	 in	 south	 (Balecatur),	 center	 (Ambarketawang)	 and	 slightly	 north	 part	
(Nogotirto)	of	Gamping	sub‐district.	Balecatur	and	Nogotirto	were	a	rapidly	growing	
areas	of	settlements,	while	Ambarketawang	was	an	agglomerated	area	of	Yogyakarta	
municipality	 which	 was	 growing	 along	 with	 the	 development	 of	 Yogyakarta	
municipality.	 Yogyakarta	was	 the	 center	 of	 education	 (Ramdhani	 et	al,	 2012)	 and	
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tourism	destination	 (Nurhadi	et	al,	 2011)	 in	 Indonesia,	 so	 that	 significant	physical	
growth.	 According	 to	 Cheong	 et	al	 (2014),	 the	 existence	 of	 building	 related	 with	
dengue	in	urban	area,	and	also	related	with	the	existence	of	vegetation	in	sub‐urban	
area.	
	
3.3. Spatial	analysis	
	
Spatial	analysis	has	been	done	with	the	buffer	area	of	the	patient	as	unit	of	study.	
The	buffer	area	 represented	surrounding	environment	of	patient	with	diameter	of	
200	 m.	 The	 meaning	 of	 surrounding	 environment	 in	 this	 study	 was	 the	 ratio	 of	
buildings	and	vegetation	in	buffered	area	which	was	named	as	land	cover.	The	other	
variables	were	temperature,	rainfall,	humidity	and	elevation.	As	shown	at	Fig	1(B),	
the	patients	year	2008‐2013	spread	out	 in	almost	all	 regions	of	Gamping	and	they	
most	lived	in	highly	vulnerable	and	vulnerable	area	of	dengue	transmission.		
	
 
                                             (A)                                                        (B) 
 
Figure	1.	Map	of	hotspot	area	(A)	and	DHF	prone	area	with	landcover,	temperature,	rainfall,	humidity	and	
elevation	as	weighting	variables	(B)	based	on	DHF	patient	data	year	2008‐2013	
 
The	result	of	spatial	analysis	by	using	tiered	quantitative	methods	to	determine	
prone	area	showed	that	42.61%	patients	were	live	in	highly	vulnerable	area,	26.03%	
were	 live	 in	 vulnerable	 area	 and	 only	 31.36%	 were	 live	 in	 less	 vulnerable	 area	
(Table	2).		It	implied	that	peoples	who	live	in	less	vulnerable	area	might	be	infected	
by	dengue.	 It	was	need	expected,	what	 is	 the	possibility	of	 infected	people	 in	such	
prone	area	of	dengue.		
 
			Table	2.	Result	of	spatial	analysis	in	the	form	of	vulnerable	classification	and	wide	area	
 
The	 incidence	of	dengue	 is	multi	 factorial	(Murray	et	al,	2013).	 It	was	not	only	
related	 to	 the	environment,	but	 also	 related	 to	 the	host	 and	virus.	 Socio‐economic	
factor	(Yussanti,	2010;	Hu	et	al,	2012),	people	mobility	(Hu	et	al,	2011)	and	behavior	
(Pristi,	 2011)	 are	 the	 host	 factors	 that	 are	 possibly	 related	 to	 dengue	 fever.	 The	
circulating	 virus	 may	 also	 relate	 to	 dengue	 fever.	 There	 were	 four	 serotypes	 of	
No.	 Total	Weight	 Classification Wide	(Ha) %	
1.	 <	619	 Less	vulnerable 734.396.973 31,36%	
2.	 619	–	692,2	 Vulnerable 609.464.989 26,03%	
3.	 >	692,2	 Highly	vulnerable	 997.717.972	 42,61%	
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dengue	virus	(Izabela	et	al,	2010).	Human	infected	by	a	type	of	virus	will	be	immune	
to	such	 type	 for	 life,	but	will	become	severe	 if	getting	 infected	again	by	a	different	
virus	type	(Sudjana,	2010).	Thus,	if	circulating	virus	in	an	endemic	area	is	varied,	it	
will	aggravate	the	endemicity	of	the	area.	It	was	need	to	be	proved	further.		
	
4. Conclusion	
	
It	was	concluded	that	based	on	the	climate,	land	cover	and	elevation,	there	were	
68.64%	 of	 patients	 live	 in	 highly	 vulnerable	 and	 vulnerable	 environment.	 There	
were	31.36%	patients	live	in	less	vulnerable	environment.		
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